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PREFACE 


Authority  for  conducting  the  research  described  in  (his  report  is  contained  in 
the  Catalog  of  Approved  Requirement  Documents  (CARDS)  under  Project  No. 
1G762708AH67. 

Tests  were  conducted  during  September  to  October  1978  in  the  POL  Test  Facility; 
MERADCOM;  Fort  Belvoir,  Virginia. 

The  work  was  conducted  under  the  joint  supervision  of  M.  E.  LePera.  Chief. 
Fuels  and  Lubricants  Division  and  N.  A.  Caspero,  Chief,  Engineering  Division;  Energy 
and  Water  Resources  Laboratory;  MERADCOM;  Fort  Belvoir,  Virginia. 

The  following  MERADCOM  personnel  participated  in  the  test  program: 

William  R.  Williams,  Chemical  Engineer. 

Ralph  J.  Polk,  Jr.,  Engineering  Technician. 

Conrad  Korzendorfer,  Engineering  Technician. 

William  J.  Johnston,  Engineering  Technician. 
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EVALUATION  OF  THE  EFFECTS  OF  ASA-3 


ON  THE  PERFORMANCE  OF  MILITARY  STANDARD 
FILTER/COALESCER  ELEMENTS 


1.  INTRODUCTION 

1.  Subject.  This  report  covers  decontamination  tests  conducted  on  military 
standard  filter/coalescer  elements  using  JP-4  and  JP-5  turbine  fuels  with  and  without 
the  antistatic  additive,  ASA-3. 

2.  Background.  Numerous  instances  of  electrostatic  discharges  during  air¬ 
craft  refueling  have  led  to  the  development  of  fuel  additives  that  act  to  inhibit  charge 
formation  and  increase  fuel  conductivity.  Two  of  these  antistatic  additives  were 
investigated  by  the  Air  Force:  Shell  ASA-3  and  Dupont  Stadis  450.  In  1976  the 
Air  Force  made  the  use  of  an  antistatic  additive  optional  for  use  in  turbine  fuel. 
Recently  this  was  changed  to  mandatory  use  in  JP-4  as  specified  in  Military  Speci¬ 
fication  MIL-T-5624L.  The  only  approved  additive  currently  is  ASA-3;  Stadis  450' 
presents  problems  at  low  temperatures.  As  part  of  the  Air  Force  investigation. 
MERADCOM  conducted  some  limited  testing  in  1977  to  determine  the  effect  of  the 
use  of  the  antistatic  additive  on  the  performance  of  filter  coalescers.  Those  tests 
were  performed  with  both  ASA-3  and  Stadis  450  using  IP-5  fuel,  which  is  the  desig¬ 
nated  fuel  for  filtration  tests.  Results  of  these  tests  were  inconclusive  but  indication 
was  that  ASA-3  acted  to  degrade  performance  of  filter  coalescers.  Consequently, 
a  more  thorough  test  program  was  necessary  using  both  JP-4  and  JP-5  and  based  upon 
the  procedures  outlined  in  Military  Specification  MIL-F-8901 ,  “Filter- Separators,  Liquid 
Fuels:  and  Filter-Coalescer  Elements,  Fluid  Pressure:  Inspection  Requirements  and 
Test  Procedures  for.” 

II.  INVESTIGATION 

3.  Test  Procedures  and  Equipment.  Appropriate  test  procedures  were  selected 
from  MIL-F-8901  and  performed  on  military  standard  filter/coalescer  elements  using 
two  batches  of  fuel  for  each  test:  one  batch  with  ASA-3  and  one  batch  without. 
To  save  time,  some  past  data  were  used  to  represent  the  “without”  batches  on  JP-5. 
ASA-3  was  added  to  the  supply  tank  at  about  0.7  parts  per  milion  (p/m)  or  at  suf¬ 
ficient  levels  to  attempt  to  bring  up  the  fuel  conductivity  levels  from  a  normal  value 
of  10  to  20  pS/m  to  approximately  100  pS/m. 

The  test  facility  is  that  described  in  MIL-F-8901.  The  continuously  recir¬ 
culating  pumping  loop  is  shown  in  Figure  1.  The  fuel  is  recirculated  using  a  nominal 
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50-gal/min  centrifugal  pump  with  a  flow  adjustable  over  the  range  of  10-  to  50-gal/min. 
Water  and  solids  contaminant  is  injected  just  upstream  of  the  pump  resulting  in  a  stable 
emulsion  which  represents  the  influent  to  the  test  filter  separator.  Appropriate  gauges 
measure  flow,  temperature,  and  pressure  drop  across  the  test  filter  separator.  A  flow- 
type  turbidimeter  was  used  to  measure  the.  amount  of  water  in  the  effluent.  The 
turbidimeter  (Keene  model  861-C)  was  calibrated  to  read  suspended  water  over  the 
range  of  0  to  5000  p/m.  Solids  were  determined  by  sampling  the  effluent  and  running 
a  0.8ju  millepore  analysis.  A  cleanup  filter  separator  was  used  to  remove  any  residual 
water  or  solids  before  the  fuel  was  returned  to  the  1000-gal  supply  tank.  A  heat 
exchanger  controlled  fuel  temperature  to  ±  5°F.  This  configuration  was  used  in 
all  tests  except  the  Inhibited  Fuel  Tests,  in  which  the  fuel  is  allowed  to  make  only 
a  single  pass  from  one  tank  to  another  to  prevent  continuous  removal  of  the  inhibiting 
additives. 

4.  Fuels  and  Contaminants.  Test  fuels  conformed  to  the  requirements  of 
M1L-T-5624,  “Turbine  Fuel,  Aviation  Grades  JP-4  and  JP-5.”  Pertinent  specifications 
are  as  follows: 

Fuel:  MIL-T-5624. 

WSIM:  90  (min),  ASTM  D2550. 

IFT  (dynes/cm):  40  (min),  ASTM  D1331,  Method  B. 

Conductivity  (pS/m):  100  (min),  ASTM  D2624. 

The  water  injected  into  the  fuel  during  the  tests  was  supplied  by  the  Fort 
Belvoir  water  utility  system.  Prior  to  use,  the  water  is  filtered  to  a  residual  solids 
level  of  less  than  1  mg/1. 

The  solid  contaminants  used  were  finely  divided  red  iron  oxide  (Fe203  ) 
obtained  from  Fisher  Scientific  (Cat.  No.  1-116)  and  Siliceous  dust  (AC  test  dust) 
obtained  from  the  AC  Spark  Plug  Co.  (Cat.  No.  1 543637). 

5.  Filter/Coalescer  Elements.  The  filter/coalescer  elements  used  meet  the 
requirements  of  Specifications  MIL-F-8901  and  MIL-F-52308  and  are  standard  DoD 
items  listed  under  NSN  4330-00-983-0998.  The  test  elements  were  manufactured 
by  Velcon  Filters,  Incorporated.  Two  elements  were  used  in  the  test  filter  separator 
and  as  each  is  rated  at  20  gal/min,  the  total  nominal  flow  rate  is  40  gal/min. 

6.  Significance  of  Tests.  The  following  tests  were  performed  using  JP-4  and 
JP-5  both  with  and  without  ASA-3. 

a.  Differential  Pressure  and  Media  Migration.  This  test  determines  the 
amount  of  media  migration,  fiber  migration,  and  pressure  drop  across  the  filter/ 
coalescer  elements  under  various  flow  rates  but  without  adding  any  contaminants. 
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b.  Red  Iron  Oxide  (Dry).  This  test  allows  for  injection  of  red  iron  oxide 
at  a  fixed  rate  and  at  a  fixed  fuel  flow  rate  to  determine  the  time  necessary  to  reach 
a  pressure  drop  of  75  lb/in2  g  and  to  determine  the  amount  of  solids  passed  through 
the  effluent.  The  test  is  also  used  to  determine  the  structural  strength  of  the  element. 

c.  Water  Removal.  The  water  removal  tests  consist  of  three  1-hour 
runs  at  1 1 5  percent  of  rated  flow.  Water  is  injected  at  the  rate  of  0.5  percent  in  the 
first  hour,  5  percent  in  the  second  hour,  and  10  percent  in  the  third  hour.  The  purpose 
is  to  measure  water  removal  efficiency  by  measurement  of  the  water  in  the  effluent. 

d.  Red  Iron  Oxide  and  Water.  This  test  involves  the  injection  of  both 
water  and  red  iron  oxide  at  rated  flow.  Its  purpose  is  to  determine  the  solids-holding 
capacity  of  the  coalescer  elements  in  conjunction  with  water  removal  ability  versus 
pressure  drop.  The  test  is  continued  until  a  40-lb/in2 g  differential  pressure  is  reached. 

e.  Inhibited  Fuel.  The  test  loop  is  modified  for  this  test  to  allow  for  a 
single  pass  flow.  The  fuel  is  inhibited,  using  corrosion  inhibitor  (H1TEC-515)  (con¬ 
forming  to  MIL-I-250 1 7)  at  a  concentration  of  16  pounds  per  1000  barrels  and  0.15 
percent  icing  inhibitor  (FSI1)  conforming  to  MIL-1-27686.  Both  of  these  inhibitors 
act  to  decrease  the  Water  Separation  Index  (Modified)  (WSIM)  and  the  coalescing 
ability  of  the  filter/coalescer  elements.  For  the  first  70  minutes,  water  is  added  at 
one  percent;  then  water  and  AC  test  dust  are  injected  for  the  remaining  60  minutes. 

f.  Post  Environmental.  The  purpose  of  this  test  is  to  determine  filter/ 
coalescer  element  degradation  after  being  subjected  to  a  fuel  immersion  test  (100 
hours),  a  salt  water  immersion  test  (72  hours),  and  a  high-  and  low-temperature 
cycle  (+160°F  and  -50°F).  Water  is  injected  at  a  rate  of  0.5  percent  for  a  period 
of  1  hour. 


III.  DISCUSSION 

7.  Discussion  of  Results.  Results  of  all  tests  are  tabulated  in  Tables  1  through 
10  and  are  shown  graphically,  where  possible,  in  Figures  2  through  10. 

In  almost  all  instances,  ASA-3  in  JP-5  degrades  the  performance  of  filter/ 
coalescer  elements.  The  effluent  water  and  solids  are  significantly  higher  in  every 
test.  The  pressure  drop  tends  to  be  higher  when  ASA-3-laden  fuel  is  used.  In  many 
instances,  the  amount  of  degradation  is  sufficient  to  cause  failure  to  meet  the  require¬ 
ments  of  MIL-F-8901.  There  is  also  a  possible  synergistic  effect  between  the  ASA-3 
and  the  fuel  inhibitors.  On  the  other  hand,  the  effect  of  ASA-3  in  JP-4  is  practically 
negligible. 
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Test  Fuel:  Turbine  Fuel,  Aviation,  Grade  JP-5;  M1L-T-5624 
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Table  2.  Test  Series  II  (Continued) 
Test  Fuel:  Turbine  Fuel,  Aviation  Grade  JP-5,  MIL-T-5624 
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Test  Fuel:  Turbine  Fuel,  Aviation  Grade  JP-5;  MIL-T-5624 
Test:  Water  Removal:  MIL-F-8901,  para  4.4.3. 8 
Filter  Element:  Velcon  1  -  4208B 
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Test  Fuel:  Turbine  Fuel,  Aviation  Grade  JP-5;  M1L-T-5624 
Test:  Red  Iron  Oxide  and  Water;  MlL-F-8901 ,  para  4. 4. 3. 9 
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Table  4.  Test  Series  IV  (Continued) 
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Test  Fuel:  Turbine  Fuel,  Aviation  Grade  JP-4;  MIL-T-5624 

Test:  Differential  Pressure  and  Media  Migrations;  MIL-F-8901 ,  para  4.4.3. 6 

Filter  Element:  Velcon  I  -  4208B;  Lot:  27  Oct  76 


Table  8.  Test  Series  VIII 
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Test  Fuel:  Turbine  Fuel,  Aviation  Grade  JP-4;  M1L-T-5624 
Test:  Red  Iron  Oxide  and  Water;  MIL-F-8901,  para  4.4.3.9 
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FIBERS  IN  EFFLUENT,  #/1 


TEST  SERIES  II  □ - MEAT  IP-5 

RED  IRON  OXIDE  (DRY)  TEST  O - JP-5  w/0.7  ppm  ASA-3 

MIL-F-89010  PARA  4.4.3  7 
TEMP  70-90°F 
FLOW,  RATE  40  GPM 


Figure  3.  Test  Series  II,  JP-5. 


19 


40 


r~ 


PRESSURE  DROP,  psig  WATER  IN  EFFLUENT,  ppm 


TESTING  TIME,  MIN. 


TEST  SERIES  III 
WATER  REMOVAL  TEST 
MIL-F-8901D  PARA  4.4.3.8 
NOMINAL  FLOW  RATE  40  GPM 
TEMP  70-90°F 


TEST  TIME,  MIN. 


TCCT  CTDirC  IV 

RED  IRON  OXIDE  AND  WATER  TEST 
MIL-F-8901D  PARA  4.4.3  9 
NOMINAL  FLOW  RATE  40  GPM 
TEMP.  80-90°F  (100%  RATED  FLOW) 
Fe?Oj  ADO  RATE:  AS  NOTED 

□ - NEAT  JP-5 

O -  iP-5  w/0.7  ppm  ASA-3 


Figure  5.  Te*t  Series  IV,  JP-5. 
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figure  6.  Te*t 


JP-5  (continued). 


100  100  100  80  60  40  20 

%  OF  RATED  FLOW 


Figure  8.  Test  Series  VH,  JP-4  (continued) 


PRESSURE  DROP,  psig 


Figure  9.  Test  Series  VIII,  JP-4. 


fuel  conductivity  was  measured  al  intervals  during  each  of  the  tests.  Some 
of  these  measurements  were  discarded  because  of  malfunction  of  the  conductivity 
meter.  Inspection  of  these  values  seems  to  indicate  a  reduction  of  fuel  conductivity 
during  tire  course  of  a  test  whenever  red  iron  oxide  was  present. 

IV.  CONCl  C'SiONS 

8.  Conclusions.  Based  upon  the  results  obtained,  it  is  concluded  that: 

a.  Iquipment  or  procedural  changes  to  the  filter/separator  operation 
will  not  be  necessary  when  JP-4  containing  ASA-3  is  used. 

b.  Procedural  modifications  to  filter/separator  operation  may  be  neces¬ 
sary  when  JP-5  eontainig  ASA-3  is  used. 

c.  The  filter/coalescer  test  specification  M1L-F-8901  has  been  modified 
to  include  the  use  of  ASA-3  in  the  inhibited  fuel  test  procedures  on  a  “when  speci¬ 
fied”  basis. 
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